Hira基因产物在银鲫和彩鲫卵子发生过程中的动态变化 by 郭秋红 et al.
第34卷  第3期 水 生 生 物 学 报 Vol.  34,  No.3 
2 0 1 0 年 5 月 ACTA HYDROBIOLOGICA SINICA May,  2 0 1 0 
                            
收稿日期: 2009-04-13; 修订日期: 2009-12-24 
基金项目: 国家自然科学基金 (30671609); 淡水生态与生物技术国家重点实验室开放基金(2005FB20)资助 
作者简介: 郭秋红(1982—), 女, 汉族, 河北保定人; 硕士研究生, 主要从事鱼类发育生物学研究。E-mail: qgh007@126.com *共
同第一作者 




郭秋红1*  赵占克1*  王玉凤1  桂建芳2 
(1. 华中师范大学生命科学学院, 遗传调控与整合生物学湖北省重点实验室, 武汉 430079; 2. 中国科学院水生生物研究所, 
淡水生态和生物技术国家重点实验室, 武汉 430072) 
摘要: 为进一步研究 Hira 基因在卵子发生和雌核发育过程中的作用, 通过原位杂交和免疫荧光定位的方法
检测了 Hira mRNA和蛋白质在雌核发育银鲫和两性生殖彩鲫卵子发生过程中的动态变化。结果表明, 银鲫
和彩鲫卵子发生过程中 Hira 基因转录产物的变化基本一致, 在Ⅰ期卵母细胞的细胞核中大量表达, 至Ⅱ期
卵母细胞时转至细胞质中均匀分布, 在Ⅲ期卵母细胞中, 杂交信号逐渐移向细胞的周边, 到Ⅳ期时随着卵黄
物质大量积累, 杂交信号几乎不见。HIRA 蛋白在银鲫和彩鲫卵子发生过程中的变化略有差别。HIRA 蛋白
在银鲫Ⅰ期卵母细胞中没有表达, 在Ⅱ期卵母细胞的细胞质中有弱表达, 在Ⅲ期早期卵母细胞的周边有强
烈表达; 而在彩鲫Ⅰ期卵母细胞中就有 HIRA 蛋白的弱表达, 至Ⅱ期时 HIRA 蛋白在细胞质中大量表达, Ⅲ
期早期卵母细胞的细胞质中有弱表达。在银鲫和彩鲫Ⅲ期末和Ⅳ期卵母细胞中都很难观察到荧光信号。Hira 
mRNA 和蛋白质在银鲫和彩鲫早期卵母细胞中有较强表达, 且在银鲫和彩鲫卵子发生过程中没有显著差异, 
说明其可能对于脊椎动物卵子发生和减数分裂没有显著影响, 而是在受精和/或胚胎发育过程中起作用。  
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(DiGeorge syndrome, DGS)类似, 最终所有胚胎发育
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的转录表达模式不同, 银鲫 Hira基因(cagHira)从成
熟的未受精卵到受精后的胚胎发育各阶段转录本的









1  材料与方法 




1.2  实验方法 
样品固定及冰冻切片的制备  将银鲫和彩鲫的
卵巢切成 0.5 cm3大小, 用 DEPC处理过的 PBS清洗
后, 迅速置于 4%的多聚甲醛(PFA)中, 4℃固定过夜, 
然后在 30%蔗糖中 4℃渗透过夜, 梯度脱水至 100%
甲醇中, 冻存于–20℃备用。切片前将样品梯度复水, 
包埋于O.C.T.包埋剂(Sakura)中, –25℃切成 10 μm的
薄片, 贴于多聚赖氨酸处理过的载玻片上。 
原位杂交  以线性化的质粒 DNA 为模板, 用
地高辛(Digoxigenin)标记的 UTP 在体外进行转录
(Roche)制成反义 RNA 探针进行杂交。杂交过程参
照 Xu, et al.[13]。所有杂交用的溶液和移液管都用
DEPC处理。室温下使切片复水, 用 4%多聚甲醛重
新固定切片, 再用 PBST 洗去多余甲醛。将切片在
预杂交液(50 %甲酰胺/4 ×SSC)中 37℃预杂交 15min 
以上, 再滴加杂交液, 42℃杂交过夜。洗去多余探针, 
用 RNA 酶在 37℃消化未杂交 RNA 探针。用封闭
液(Buffer + 0.1 % Triton X Ⅰ - 100 + 2 %羊血清)封
阻 30min, 然后用 anti-DIG-AP(Roche)孵育 2h。洗去




片在湿盒中用 PBS复水 5min。用 5%奶粉(溶于 PBS
中)室温封闭 1h, 再用 PBS冲洗玻片数次。加入一抗
孵育液(含 1%抗CAGHIRA的小鼠血清抗体[14]和 1%
奶粉的 PBS), 4℃孵育过夜。用 PBST(PBS+0.1% 
Tween-20)洗去多余抗体。然后用含有 5%正常羊血
清的 PBS 封阻 1h, 去掉羊血清, 加入二抗孵育液  
[1︰50稀释的 FITC-标记羊抗鼠血清(Pierce公司)溶
于 PBS中] 避光室温孵育 1h, PBS洗去多余二抗。
用 PI (10 μg/mL)室温避光染色 20min后, PBS避光洗
5 次, 每次 10min。用抗淬灭剂封片。在 Leica激光
共聚焦显微镜下观察并拍照。 
2  结  果 
2.1  银鲫和彩鲫 Hira mRNA在卵巢中的分布 
依据卵母细胞的大小, 将银鲫卵母细胞分成四
个时期, 各期的特征为：Ⅰ期卵母细胞较小, 长径为
220—350 μm, 细胞核相对较大, 占据细胞的大部分, 
为卵黄发生前期。Ⅱ期卵母细胞体积增大, 长径为
350—800 μm, 开始沉积卵黄物质。Ⅲ期卵母细胞体
积进一步增大, 直径为 800—1200 μm, 为卵黄发生
中期, 周边出现一至多层卵黄颗粒。Ⅳ期卵母细胞
内充满粗大的卵黄颗粒, 体积进一步增大, 直径为
1200—1600 μm, 卵母细胞周围有明显的放射带 
出现。 
在银鲫的Ⅰ、Ⅱ、Ⅲ期卵母细胞中均有明显的















的卵黄颗粒充满细胞质中 , 此期基本看不到 Hira 
mRNA 的杂交信号(图 1A、D)。 
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图 1  Hira mRNA杂交信号在银鲫卵巢中的分布 
Fig. 1  Distribution of Hira mRNA hybridization signal in the ovary of gibel carp 
Ⅰ、Ⅱ、Ⅲ、Ⅳ分别代表Ⅰ、Ⅱ、Ⅲ、Ⅳ期卵母细胞; Ⅲa、Ⅲb、Ⅲc分别代表Ⅲ期的早期、中期、晚期; RB：放射带; 标尺 = 300 μm 
Ⅰ, Ⅱ, Ⅲ and Ⅳ: Stage Ⅰ, Ⅱ, Ⅲ and Ⅳ oocytes respectively; Ⅲa, Ⅲb and Ⅲc: early, middle and late period of stage Ⅲ oocytes; 
RB: Radial band; Bar = 300 μm 
 
彩鲫的同期卵母细胞较银鲫略小。Ⅰ、Ⅱ、Ⅲ














2.2  银鲫和彩鲫 HIRA蛋白在卵巢中的表达 
通过免疫荧光定位的方法对银鲫和彩鲫卵巢中









质小泡, 但细胞中的 HIRA 蛋白却几乎不见(图 3, 
Ⅲ L)。到Ⅳ期卵母细胞时, 细胞质中充满了粗大的
卵黄颗粒, 几乎观察不到 HIRA 蛋白的荧光信号(图
3, Ⅳ)。 





号减弱 ,  在Ⅲ期早期卵母细胞的细胞质中呈较弱 
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图 2  Hira mRNA杂交信号在彩鲫卵巢中的分布 
Fig. 2  Distribution of Hira mRNA hybridization signal in the ovary of colored crucian carp 
Ⅰ、Ⅱ、Ⅲ、Ⅳ分别代表Ⅰ、Ⅱ、Ⅲ、Ⅳ期卵母细胞; Ⅲa、Ⅲb、Ⅲc分别代表Ⅲ期的早期、中期、晚期; RB：放射带; 标尺 = 300 μm 
Ⅰ, Ⅱ, Ⅲ and Ⅳ: Stage Ⅰ, Ⅱ, Ⅲ and Ⅳ oocytes respectively; Ⅲa, Ⅲb and Ⅲc: early, middle and late period of stage Ⅲ oocytes; 




图 3  HIRA 蛋白在银鲫卵巢中的免疫荧光定位 
Fig. 3  Immunofluorescence localization of HIRA protein in the ovary of gibel carp 
A中绿色为 HIRA 蛋白免疫荧光信号; B为绿色 HIRA 蛋白荧光信号与红色 PI 染色重叠的结果; Ⅰ、Ⅱ、Ⅲ、Ⅳ分别代表Ⅰ、Ⅱ、
Ⅲ、Ⅳ期的卵母细胞; Ⅲe、ⅢL代表Ⅲ期的早期、晚期; 标尺= 100 μm 
A: Green fluorescence immunostained by HIRA antibody; B: Overlap of green HIRA immunofluorescence and red PI fluorescence, the latter 
shows the nuclear and chromatin position; Ⅰ, Ⅱ, Ⅲ and Ⅳ: Stage Ⅰ, Ⅱ, Ⅲ and Ⅳ oocytes respectively; Ⅲe and ⅢL: Early and 
later period of stage Ⅲ oocytes; Bar = 100 μm 
 
的均匀分布(图 4,Ⅲe); 在Ⅲ期末的细胞质中 , 基 
本观察不到免疫荧光信号(图 4, ⅢL); Ⅳ卵母细胞
中, 也观察不到明显的 HIRA 蛋白荧光信号(图 4, 
Ⅳ)。 
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图 4  HIRA 蛋白在彩鲫卵巢中的免疫荧光定位 
Fig. 4  Immunofluorescence localization of HIRA protein in the ovary of colored crucian carp 
A中绿色为 HIRA 蛋白免疫荧光信号; B为绿色 HIRA 蛋白荧光信号与红色 PI 染色重叠的结果; Ⅰ、Ⅱ、Ⅲ、Ⅳ分别代表Ⅰ、Ⅱ、
Ⅲ、Ⅳ期的卵母细胞; Ⅲe、ⅢL代表Ⅲ期的早期、晚期; 标尺= 100 μm 
A: Green fluorescence immunostained by HIRA antibody; B: Overlap of green HIRA immunofluorescence and red PI fluorescence, the latter 
shows the nuclear and chromatin position; Ⅰ, Ⅱ, Ⅲ and Ⅳ: Stage Ⅰ, Ⅱ, Ⅲ and Ⅳ oocytes respectively; Ⅲe and ⅢL: Early and 
later period of stage Ⅲ oocytes; Bar = 100 μm 
 
3  讨  论 
在硬骨鱼类卵子发生过程中, 母源性的 mRNA
的分布方式可以分成几种类型：(1) 在卵母细胞中
广泛均匀分布, 如 β-catenin基因的转录本; (2) 随着
卵子发生的进行, 逐渐定位于动物极, 如 cyclin B基
因的 mRNA; (3) 随着卵子发生的进行逐渐定位于
植物极, 如Dazl基因的mRNA; (4) 随着卵子发生的
进行, 最后定位于卵子的皮质部(Cortical localiza-








致[13, 15—17]。但银鲫和彩鲫 Hira到了Ⅳ期, 随着卵黄




是卵母细胞体积急剧增大, 以至于 Hira mRNA的相







细胞质中 HIRA 蛋白有较强表达, 主要聚集在细胞












质等物质的大量积累有关。而 Hira mRNA 和蛋白
质在Ⅲ、Ⅳ期卵母细胞中逐渐减弱, 原因可能在于：
(1) 这个时期卵母细胞 RNA 转录和翻译速度减缓; 
(2) 卵黄等物质大量积累, 卵母细胞体积急剧增大,  






重要, 但对于其育性却非常重要, 因为缺失 HIRA
的卵子在受精后 , 卵质中的组蛋白不能进入精核 , 
使得精核不能完全解除浓缩状态参与子代发育[7,8]。
然而, 对高等脊椎动物来说, Hira 的突变则是致死
性的, 导致小鼠在原肠作用期就出现异常, 如原条








色体倍性的机制, 因此推测, 在脊椎动物中 HIRA
可能对于卵子发生或减数分裂也没有显著影响。本
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EXPRESSION ANALYSIS OF HIRA mRNA AND PROTEIN DURING OOGENESIS IN 
GYNOGENETIC AND GONOCHORISTIC CRUCIAN CARPS 
GUO Qiu-Hong1*, ZHAO Zhan-Ke1*, WANG Yu-Feng1 and GUI Jian-Fang2 
(1. Hubei Key Laboratory of Genetic Regulation and Integrative Biology, College of Life Science,  
Central China Normal University, Wuhan 430079, China; 2. State Key Laboratory of Freshwater Ecology and Biotechnology, Insti-
tute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China) 
Abstract: HIRA, a conserved replication-independent chromatin assembly factor, is a conserved family of proteins 
present in various animals and plants. The function of Hira gene in the development still remains to be elucidated. It has 
been shown that mutation of Hira in Drosophila does not affect the viability, but results in sterility of the females due to 
the defect of sperm nucleus decondensation, which suggest that HIRA is essential for the assembly of paternal chroma-
tin and the formation of male pronucleus at fertilization. However, Hira is essential for proper embryonic development 
and survival in mouse. Gibel carp Carassius auratus gibelio is a unique triploid species that has two different reproduc-
tion modes: allogynogenetic reproduction and gonochoristic reproduction. The first polar body was not observed during 
oogenesis of gibel carp, which could be the strategy of maintaining original ploidy of chromosomes during oogenesis of 
this fish. Gibel carp has a similar phenotype of abnormal male pronucleus to that in Hira mutated Drosophila. In order 
to investigate the role of Hira gene in fish development and gynogenesis, we have previously compared the expression 
patterns of Hira gene during embryogenesis between gynogenetic gibel carp and gonochoristic colored crucian carp, and 
found that the Hira mRNA was consistently expressed during all embryonic development stages in gibel carp. However, 
in colored crucian carp, the abundance of Hira mRNA significantly decreased (P<0.05) shortly after fertilization and 
then increased again in gastrula stage and kept stable till hatching. In this study, in situ hybridization and im-
munofluresence experiments were performed on the ovaries of gibel carp and colored crucian carp to examine dynamic 
expression patterns of Hira mRNA and protein during oogenesis. The results showed that Hira mRNA expression pat-
terns during oogenesis of these two fishes were generally identical. In stage Ⅰ oocytes, Hira transcript was localized 
in the nuclei. At stage Ⅱ, the mRNA transferred to cytoplasm and uniformly distributed in the cytoplasm of the devel-
oping oocytes. By stages Ⅲ, Hira mRNA gradually moved to the cortex. The positive hybridization signal was hardly 
observed within the fully grown oocytes (stage Ⅳ). The dynamics of HIRA protein during oogenesis in the two fishes 
showed a little different. In gibel carp, HIRA protein was not appeared at stage Ⅰ, and it was strongly expressed along 
the cortex of the oocytes at early stage Ⅲ. While in colored crucian carp, the protein was observed as early as stage Ⅰ, 
though the signal was weak. HIRA protein was strongly expressed at stage Ⅱ. By the late period of stage Ⅲ and stage 
Ⅳ, HIRA protein was barely to be seen in both of fish oocytes. The signals of Hira mRNA and protein were hardly to be 
observed in stage Ⅳ oocytes of these two fishes. This could be attributed to the enormously enlargement of the oocytes 
at the later stages and thus greatly diluting the gene products. The nearly identical dynamic patterns of Hira expression 
during oogenesis between these two fishes with different reproductive modes suggest that Hira gene might not affect 
meiosis during oogenesis but play a role at and after fertilization. 
 
Key words: Gynogenetic gibel carp; Gonochoristic colored crucian carp; Oogenesis; Hira gene; In situ hybridization; 
Immunofluresence localization 
